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ABSTRACT 
Rapid prototyping technologies are able to 
produce physical model in layer by layer manner 
directly from their CAD without any tool, Dies 
and Fixture. Compared to traditional process the 
rapid prototyping is capable to manufacture 
complex parts easily and quickly. RP helps in 
earlier detection and reduction of design error. 
In present study parameters such as percentage 
infill material, Layer Thickness, orientation of 
specimen was varied. Infill pattern was kept 
Honeycomb because this structure has obtained 
best results as compared to other structures. 
Layer Thickness was varied from 0.1mm, 0.2mm, 
0.3mm. Orientation parameters were varied in 00, 
450, 900 with respect to horizontal plane. Using 
Taguchi’ Design of experimental procedure for 
L9 orthogonal array of three parameter with 3 
different levels from 27 experiments a total of 9 
experiments were selected for testing. Best tensile 
strength as obtained for specimen with PETG 
material of 0.1mm layer thickness, 60% infill, 
orientation perpendicular. 
 
Keywords-- 3Dimensional printing, FDM process, 
polyethelyene terephthalate-glycol 
 
 
INTRODUCTION 
 
In all manufacturing processes of RP Fused 
deposition modelling is widely used in industrial 
area for quick fabrication of complex component. 
The Quality of parts manufactured by using FDM 
process depends on various parameters. Thus, it is 
important to study process parameters for attending 
desired quality parameters which is required in the 
parts developed by FDM process [1-2]. Study of 
different parameter used during the printing of the 
component leads to the help in increasing the quality 
of the desired parts for study of process parameters 
various organization techniques are available [3-4]. 
In all processes available for reduction of the 
number of job manufactured, Taguchi’ method is 
one of the best testing methods. By literature survey, 
the process parameter infill percentage is not used in 
previous work and lack of work on PETG is found 
therefore, the aim of the paper is to study the effect 
of process parameters like Infill percentage, 
orientation angle and layer thickness by using FDM 
(Pramaan Mini) on PETG [5-6].  Honeycomb 
structure is used in this printing process as it 
provides maximum strength as compared to other 
structure. From this study we can determine the 
effect of different variations like layer thickness, 
orientation in angle, infill percentage and air gap [7]. 
Experiments were carried out using Taguchi’ design 
of experiments with three sub variation in each main 
variation. Surface quality and accuracy of the 
manufactured part depend on the layer thickness and 
infill percentage. Orientation of angle has little 
sometimes. Effect on dimensional accuracy and 
little effect on surface quality are due to the air gap. 
B. H. Lee et al have investigated the process 
parameters in order to achieve optimum elastic 
performance of a compliant ABS prototype so as to 
get maximum throwing distance from the prototype 
[8-9]. Through this they have obtained the main 
process parameters that affect the performance of 
the prototype were found. Experiments were carried 
out to confirm the effectiveness of this approach. 
The Taguchi method, a powerful tool to design 
optimization for quality was used to find the optimal 
process [10-11]. 
Due to the open-source release of the 
RepRap (self-Replicating Rapid prototype) there 
was a distinct rise in popularity of 3D printing at the 
small scale. Rapid 3D printers fabricate parts using 
fused filament fabrication (FFF) (material extrusion 
by ASTM Standard F2792-12a) and various Rapid 
printer designs make up the majority of 3D printers 
in use now [12-13]. Decentralized manufacturing is 
possible with at-home 3D printing both in the 
developing and developed countries. Previous 
studies have shown that such manufacturing not 
only allows for a lower cost of goods for the 
consumers but a lower impact on the environment as 
well [14-15]. With users from various 3Dprinting 
repositories (e.g. Youmagine, Libre3D, NIH 3D 
Print Exchange etc.) publishing thousands of 
designs an exponential growth of open-source 
designs for 3D printing has been observed and is 
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expected to continue growth. This growth is being 
fuelled at the consumer level because 3D printers 
have been proven to be an economically beneficial 
purchase for the developed-world middle-class and 
those in the maker community. 
 
 
Figure 1: Process of Rapid Prototyping Using Fused deposition Modelling. 
 
LITERATURE VIEW 
 
Gibson et al (2006) illustrated a number of 
instances where RP and associated technologies had 
been successfully used for medical applications. In 
these studies, they have been discussed, how the 
technology had been applied in order to solve 
medical related problems. It is found that RP has 
been helpful in a number of ways to solve medical 
problems. They also pointed out some limitations in 
the technology and how to improve the technology 
in future [16]. 
The study mainly suggested Singare et al 
(2005) attempted to develop a computer assisted 
prefabricated implant design and manufacturing 
system to improve the aesthetic outcome in chin 
surgery. Fabrication of custom fabricated chin 
augmentation implant using medical RP methods 
was presented. Based on CT data, the inner and outer 
surface of the prosthesis was designed to fit the bone 
surface exactly. SLA was used for the production of 
the physical model. The implants and skull models 
are used for surgical planning. The resulting SLA 
implant is used for the production of a mould which 
is used to cast the Titanium part. 
Fused Deposition Modelling (FDM) 
technologies along with the ABS (Acrylonitrile 
Butadiene Styrene) material are widely used in 
additive manufacturing. Until today, the mechanical 
properties of the AM parts cannot be determined nor 
even approximated before it is manufactured and 
tested. In this work, a novel gives the results of the 
mechanical properties of the specimen respect to the 
parameter of printing of rapid prototyping. 
The methodology is based on an 
experimental procedure through which the optimum 
combination of manufacturing parameters and their 
values can be determined in order to achieve the 
goal. The Taguchi methodology was selected as an 
optimization tool towards the goal of improving the 
part mechanical properties. 
The latest improvement of the RepRap, an 
open-supply self-replicating rapid prototype has 
made 3-D polymer-based totally printers quite 
simply to be had to the public at low expenses 
(<$500). The ensuing uptake of three-D printing 
generation permits for the primary-time mass-scale 
distributed virtual manufacturing. RepRap versions 
currently fabricate objects mainly from acrylonitrile 
butadiene styrene (ABS) and polylactic acid (PLA) 
that has melting temperature low sufficient to apply 
in soften extrusion outside of a committed facility, 
even as excessive sufficient for prints to hold their 
shape at common use temperatures. So as for 
RepRap revealed parts to be useful for engineering 
programs the mechanical homes of printed 
components should be acknowledged. This has a 
look and quantifies the basic tensile energy and 
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elastic modulus of printed additives using practical 
environmental situations for well-known users of a 
ramification of open source3-D printers. The 
consequences find common tensile strengths of 28.5 
MPa for ABS and 56.6 M Pa for PLA with common 
elastic module of 1807 MPA for ABS and 3368M 
Pa for PLA. It is clean from those outcomes that 
parts printed from tuned, low-cost, open-source Rep 
Rap three-D printers can be considered as routinely 
useful in tensile packages as the ones from industrial 
companies. 
Fuse deposition modelling (FDM) printers 
are getting more common in everyday use. These 
styles of three-D printers are extremely useful for 
speedy prototyping. Fused deposition modelling 
printing melts the printing fabric and extrudes it thru 
a nozzle. The material is specified in a layer with the 
aid of layer fashion until the object is finished 
printing. Commonplace sorts of filament used in 
FDM printing are Polylactic Acid (PLA) and 
Acrylonitrile butadiene styrene (ABS). A few 
residences that could exchange the strength of 3-D 
revealed piece are matters consisting of infill 
percentage, layer peak, print orientation, extruding 
temperature and build pace to name a few. Infill 
percent and print orientation were examined to 
decide the mechanical strength of the cloth. The 
infill per cent varies from 20%-a hundred % by 
using increments of 20%. The intention of this 
challenge was to analyze the mechanical power of 
PLA being revealed in numerous orientations and 
infill probabilities [17]. 
The paper provides experimental 
consequences the affect of region and path of the 
fashions on the digital platform on their decided on 
mechanical homes together with young' modulus 
and strain relaxation for the duration of uniaxial 
compression checks. Cylindrical samples were 
manufactured the use of the size 1200es machine 
knowing the fused deposition modelling era (FDM). 
The samples have been placed on the system 
platform at distinctive angles to the printing 
direction. The material used for the construction of 
samples became ABS P430. 
3-D printing practical elements with known 
mechanical homes is difficult for the usage of 
variable open source 3-D printers. This observes 
investigates the mechanical residences of three-D 
printed elements the usage of a commercial open-
source three-D printer for a wide variety of 
substances. The samples are tested for tensile 
electricity following ASTM D638. The effects are 
presented and conclusions are drawn approximately 
the mechanical houses of numerous fused filament 
fabrication substances. They take a look at 
demonstrates that the tensile energy of a three-D 
printed specimen relies upon largely on the mass of 
the specimen, for all substances. As a result to solve 
the mission of unknown print excellent on 
mechanical residences of a 3-D revealed element a -
step method is proposed which has a reasonably 
high expectation that a element may have tensile 
strengths described on this study for a given cloth. 
First, the exterior of the print is inspected visually 
for sub-premier layers. Then, to determine if there 
was under-extrusion in the interior, the mass of the 
pattern is measured. This mass is as compared to the 
theoretical price the usage of densities for the fabric 
and the extent of the object. 
This paper discusses the procedure 
parameters for fused deposition modelling (FDM). 
Layer thickness, Orientation angle and shell 
thickness are the manner variables taken into 
consideration for studies. Ultimate tensile strength, 
dimensional accuracy and production time are the 
response parameters. For wide variety of 
experimental runs the Taguchi’ L9 orthogonal array 
is used. Taguchi’ S/N ratio become used to identify 
a fixed of manner parameters which give desirable 
outcomes for respective reaction characteristics. 
Effectiveness of every parameter is investigated by 
using the usage of analysis of variance. The material 
used for the research of technique parameter is 
Nylon. 
Inside the international of growing 
technology, three-D printing has replaced the entire 
production company/device with its improved 
version of constructing elements layer with the aid 
of layer the usage of additive approach and new 
traits. In the present article, a complete take a look 
at has been finished for comparing it with traditional 
production approach for production of components, 
complicated gadgets for loads of different 
applications. Three-D printing generation is 
extraordinarily flexible and rapid procedure, 
accelerate innovation and reduce power usage, limit 
cloth and compress supply chains. This paper 
additionally describes the feed mechanism and 
method related records, helping fabric, software 
used in three-D printer and some current traits on 
three-D printing generation. 
Rapid Prototyping (RP) is the time period 
given to a hard and fast of approaches which can 
quickly fabricate any given three-dimensional item 
right into a model or prototype at once from a CAD 
file through the additive deposition of man or 
woman go-sectional layers of the component. Over 
the time, RP has evolved from generating prototypes 
for form, suit and functional trying out to producing 
very last end merchandise for purposeful use. FDM, 
a RP approach has made its mark for presenting fee 
effective product in conjunction with making 
impossible geometries viable. It also confirms 
overall performance previous to implementation. 
Fused deposition modelling is getting used to 
shorten and simplify the product development cycle 
value effectively and act as perfect approach for lots 
packages including aerospace, scientific, vehicle 
  
23 Page 20-27 © MAT Journals 2020. All Rights Reserved 
 
e-ISSN: 2581-3722  
Volume-6, Issue-1 (January-April, 2020)  
 
http://doi.org/ 10.5281/zenodo.3739793 
 
Journal of  
Mechanical and Mechanics Engineering  
 
www.matjournals.com 
 
and patron merchandise and so on. 
Additive Manufacturing becomes a direct 
tool for manufacturing by using the Selective Laser 
Melting. With the introduction of its desktop 
machine, Realizer targeted the dental market. The 
special features of the machine are described by 
discussing details of the process and shows 
manufacturing results focused on metal dental 
devices. 
Rapid Prototyping system suitable 
application has been developed. It is part of a project 
to produce a comprehensive Design for Rapid 
Prototyping (DFRP) methodology. Using a 
combination of database searches and user-defined 
weighted rating the system uses various design 
requirements to make qualitative suitability 
decisions. MS Visual Basic has been used to 
implement a user-interface to manipulate an MS 
Access database. Proposed features include system 
validation achieved by designers' feedback on 
prototype performance. The false expectations can 
be removed associated with Rapid Prototyping. 
We developed a finite element model to 
simulate the fused deposition modelling (FDM) 
process. The model considers the coupled thermal 
and mechanical analysis and incorporates the 
element activation function to mimic the additive 
nature of FDM. Residual stresses accumulate inside 
the part during the deposition due to repetitive 
heating and cooling. The model is also used to 
evaluate the part distortions, revealing distortion 
features as vaulting shapes. 
It uses time-consuming, stepwise layer-by-
layer approaches to object fabrication. Continuous 
demonstration is generated of monolithic polymeric 
parts up to tens of centimetres in size with feature 
resolution below 100 micrometers. Continuous 
liquid interface production is achieved with an 
oxygen-permeable window below the ultraviolet 
image projection plane, which creates a “dead zone” 
(persistent liquid interface) where 
photopolymerization is inhibited between the 
window and the polymerizing part. 
Fused deposition modelling (FDM) 
printers are becoming more frequent in everyday use. 
Rapid Prototyping is done with this type of 3D 
printers.  Fused deposition modelling printing melts 
the printing material and extrudes it through a nozzle. 
The material is laid out in a layer by layer fashion 
until the object has completed printing. Two 
common types of filaments are Polylactic Acid 
(PLA) and Acrylonitrile butadiene styrene (ABS). 
Additive manufacturing is more 
colloquially referred to as 3D printing. It is quickly 
approaching mainstream adoption as a highly 
flexible processing technique that can be applied to 
plastic, metal, ceramic, concrete and other building 
materials. Taking advantage of the tremendous 
versatility associated with in photo polymerization 
as well as the ability to select from a variety of 
preformed processible polymers. The production of 
polymeric parts and models is targeted by 3D 
printing. 
It presents a comparative study of the 
tensile mechanical behaviour of pieces produced 
using the Fused Deposition Modelling (FDM) 
additive manufacturing technique with respect to the 
two types of thermoplastic material most widely 
used in this technique: polylactide (PLA) and 
acrylonitrile butadiene styrene (ABS). Comparing 
the effect of layer height, infill density and layer 
orientation on the mechanical performance of PLA 
and ABS test specimens is the main aim. 
 
Design of Experiments 
 
Figure 2: Dimensions of Tensile Test Specimen. 
 
For testing of tensile strength of the plastic 
material ASTM D638 is the most common process 
for best results regarding to the tensile properties. In 
this method thickness of the specimen should be less 
than 14mm and having shape of Dumbell or dog 
bone. A universal testing machine is used for the 
testing of the specimen. During the use of the ASTM 
standard all specimen should be studied.  
TAGUCHI METHOD 
 
According to the Taguchi’ method for 
reduction of the specimens all 27 jobs are converted 
to the 9-specimen using L9 orthogonal array and the 
results shown by this 9 specimens are same to the 27 
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specimen according to this study of Taguchi method. 
 
Table 1: Design of Experiment Using Taguchi Method 
Specimen 
Layer Thickness 
(in mm) 
Material Infill 
(%) 
Orientation  
(Degree) 
G1 0.1 10 0 
G2 0.1 30 45 
G3 0.1 60 90 
G4 0.2 10 45 
G5 0.2 30 90 
G6 0.2 60 0 
G7 0.3 10 90 
G8 0.3 30 0 
G9 0.3 60 45 
 
Tensile Testing 
 
Tensile testing of our job is done by using 
Polymer Universal Tensile testing. This Polymer 
UTM is manufactured by FIE Group and its model 
name is UNITEC 9450 which is fully automatic 
machine. Having load range of 0-50KN. Machine 
has crosshead speed range if 0.5-500 mm/min. 
clearance between upper and lower column is 
450mm. This machine works on the 230V and 50Hz 
frequency. We used to calm our job inside the 
specimen and applied 1mm/min of tear rate. All 
inputs are given by using computer like dimensions 
of the rate of tear. All results are generated inside the 
software are taken in softcopy and converted in form 
of PDF. 
 
 
Figure 3: Tensile Testing Setup. 
 
RESULTS 
 
A cup and cone fracture are a type of 
failure observed in ductile metals and plastics 
that are subjected to a uniaxial force. Due to the 
application of excessive tensile stress the two 
bodies of the specimen get separated. According 
to the behaviour of the specimen under the 
tensile test the shape of the end of the specimen 
is in cup and cone format so that this type of 
fracture is known as cup and cone fracture. 
 
           
Figure 4: Before Testing.                                Figure 5: After Testing. 
Tensile Testing 
Table 2: Ultimate Tensile Stress 
JOB UTS (MPa) MAX. LOAD. (N) 
G1 19.524 410.00 
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G2 19.88 417.50 
G3 26.07 547.50 
G4 26.78 562.50 
G5 26.66 560.00 
G6 32.14 675.00 
G7 35.00 735.00 
G8 32.50 682.50 
G9 36.667 770.00 
 
Comparison with PLA 
 
A total 9 jobs have been experimentally 
tested to determine the ultimate tensile stress for job 
G1 we gave 567. 5 l Newton load then we got 27.02 
UTS in MPa. for job G2 we gave 826.75 Newton 
load then 39.36 UTS in MPa. For job G3 we gave 
937.25 Newton load then we got 44. 63 UTS in MPa. 
For job G4 we gave 785.25 Newton load then we got 
37.39 UTS in MPa. 
 
 
Figure 6: Variations of Load Vs Displacement for PLA Material 
 
For job G5 we gave 920.25 Newton load 
then we got 43.82 UTS in MPa. For job G6 we gave 
766.5 Newton load then we got 36.5 UTS in MPa. 
For job G7 we gave 838. 25 Newton load then we 
got  39.91 UTS in MPa. For job G8 we gave 715.75 
Newton load then we got 34.04 UTS in Mpa. For job 
G9  we gave 751.25 Newton load then we got 35.77 
UTS in MPa. From which Specimen G3 shows the 
best results with its layer thickness 0.1mm Infill 
Percentage 60% and perpendicular orientation. The 
G3 specimen shows best results because it has more 
number of layers which causes more tensile force to 
break the specimen while testing as compared to 
other specimen. A total 9 jobs have been 
experimentally tested to determine the ultimate 
tensile stress for job G1 we gave 410.00 Newton 
load then we got 19.524 UTS in MPa. for job G2 we 
gave 417.50 Newton load then we got 19.881 UTS 
in MPa. For job G3 we gave 547.50 Newton load 
then we got 26.071 UTS in MPa. For job G4 we gave 
562.50 Newton load then we got 26.786 UTS in 
MPa.
 
 
Figure 7:  Variations of Load Vs Displacement for PETG Material 
For job G5 we gave 560.00 Newton load 
then we got 26.667 UTS in MPa. For job G6 we gave 
675.00 Newton load then we got 32.143 UTS in 
MPa. For job G7 we gave 735.00 Newton load then 
we got 35.00 UTS in MPa. For job G8 we gave 
682.50 Newton load then we got 32.50 UTS in Mpa. 
For job G9 we gave 770.00 Newton load then we got 
36.667 UTS in MPa. From which Specimen G9 
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shows the best results with its layer thickness 0.3 
mm Infill Percentage 60% and 450 orientation. The 
G9 specimen have best results because it shows high 
percentage of elongations compared to the other 
specimen. It has high plastic deformation. As 
according to its behavior, it is clear that it has more 
ability to withstand and have greater tensile strength. 
 
CONCLUSION 
 
As the various types of Rapid prototyping 
are available in market, we selected the fused 
deposition modelling technique for manufacturing 
of our specimen. Reason of the selection of FDM 
process is 70% of industrial 3D printers are based of 
the FDM process and also it has wide range of 
application. During selection of the pattern we used 
to manufacture our specimen using honeycomb 
structure as it has maximum load carrying capacity 
compared to other pattern. As the layer of the 
specimen increases the elongation percentage is also 
increases. If the percentage of elongation is more it 
means that its plastic limit, elastic limit and value of 
breakeven point also increases. So, that if the 
number of layers of the material is increases the best 
results can be obtained from the material. If 
thickness of the layer of material is increases it can 
withstand to the high values of the applied load that 
means it should have high tensile strength. 
According to our results the average dimension 
accuracy of the 3D printer for PETG material is 
98.45%. The average surface roughness value of the 
3D printer for PETG material is 6.617 micro meter. 
According to the food and drug administration it is 
clear that PETG material is the one of the 
replacements to the normal plastic plate’ material as 
it does not react with the hot food and does not 
produce any toxic substance that can affect to human 
body as normal plastic plates can produce. So that, 
this material can be used for one time or multiple 
time usable plastic and food storage container and 
lids of metal containers. This plastic material can be 
recycled for further use also. 
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